We present electron-microprobe and single-crystal X-ray-diffraction data for a microlite-group mineral with a formula near NaCaTa 2 O 6 F from the Morro Redondo mine, Coronel Murta, Minas Gerais, Brazil. On the basis of these data, the formula is A (Na S1.00 . According to the new nomenclature for the pyrochlore-supergroup minerals, it is intermediate between fluornatromicrolite and "fluorcalciomicrolite". The crystal structure, Fd3m, a = 10.4396(12) Å, has been refined to an R 1 value of 0.0258 (wR 2 = 0.0715) for 107 reflections (MoKa radiation). There is a scarcity of crystal-chemical data for pyrochlore-supergroup minerals in the literature. A compilation of these data is presented here.
] S6.00 Y (F 0.73  0.27 ) S1.00 . Selon la nouvelle nomenclature des minéraux du supergroupe du pyrochlore, il s'agit d'une composition intermédiaire entre fluornatromicrolite et "fluorcalciomicrolite". La structure du cristal, Fd3m, a = 10.4396(12) Å, a été affinée jusqu'à un résidu R 1 égal à 0.0258 (wR 2 = 0.0715) en utilisant 107 réflexions (rayonnement MoKa). Il y a une pénurie de données cristallochimiques pour les minéraux du supergroupe du pyrochlore dans la littérature. Nous présentons ici une compilation des données disponibles.
(Traduit par la Rédaction)
Mots-clés: groupe du microlite, "fluorcalciomicrolite", fluornatromicrolite, affinement de la structure, solution solide. § E-mail address: mabadean@terra.com.br granitic pegmatites (Lumpkin & Ewing 1992 , Zurevinski & Mitchell 2004 . The pyrochlore supergroup includes minerals of the pyrochlore, microlite, roméite, betafite and elsmoreite groups.
There is a scarcity of crystal-chemical data in the literature. There are crystal-structure determinations published for only nine pyrochlore-supergroup minerals (Table 1) . In this paper, we present results of electronmicroprobe and single-crystal diffraction studies of a microlite-group mineral from the Morro Redondo mine.
occurreNce
The Morro Redondo pegmatite is located in the northern part of the Oriental Pegmatite Province of Minas Gerais (that extends 320 km east to west and 720 km north to south, reaching the southern part of Bahia and the northwestern part of Espírito Santo state. It was formed during the Brasiliano orogeny (also known as Araçuaí orogeny), dated from 600 to 450 million years ago. The pegmatite is located inside the Coronel Murta pegmatite field, which comprises tens of gembearing granitic pegmatites that have been extensively mined for the production of gem-grade elbaite (green, blue, red and multi-colored), gem-grade beryl (mostly "morganite"), ornamental quartz and perthitic K-feldspar (raw material for ceramic and glass industries).
Morro Redondo is the largest pegmatite found in this field: it has a length of 400 meters and an iNTroDucTioN Pyrochlore-supergroup minerals have been studied in detail because of their interesting magnetic properties and advanced technological applications. The "geometrical frustration" concept is related to the incapacity of magnetic systems to satisfy simultaneously all the interactions (ferromagnetic and antiferromagnetic) between spins in order to minimize the total energy. The study of frustration among spins in the corner-sharing tetrahedra of pyrochlore-like structures of synthetic origin has contributed to a better understanding of new exotic low-temperature states, magnetic ordering (Wang et al. 2006 , Normand 2009 , and superconductivity, such as in RbOs 2 O 6 (Brühwiler et al. 2004) . Titanate (CaZrTi 2 O 7 ) and zirconate (Gd 2 Zr 2 O 7 , Er 2 Zr 2 O 7 ) pyrochlores play an important role in the development of long-term geological depositories of high-level radioactive waste such as plutonium (Laverov et al. 2010) . Minerals of the pyrochlore supergroup have a formula A 2-m B 2 X 6-w Y 1-n (m = 0 to 2, w = 0 to 0.7, n = 0 to 1), in which the A site is normally occupied by Na, Ca, Ag, Mn, Sr, Ba, Fe 2+ average thickness of 30 meters, has a N-S strike and dips 70°W. It shows a well-developed zoning, with a wall zone about 3 m thick, constituted of perthitic feldspar and quartz showing a graphic texture, with smaller amounts of dark muscovite plates, schorl and almandine. The intermediate zone is thick (about 10 m) and is constituted mostly of centimetric microcline and quartz grains, lighter brown centimetric muscovite plates, schorl, albite, montebrasite and beryl crystals. The inner zone consists of a discontinuous quartz core, that in some areas can be up to 10 m thick, surrounded by albite-dominant replacement bodies with decimetric crystals of schorl. This pegmatite was found in 1991; until 1996, inside the inner zone, tens of mid-to large-size cavities produced several hundreds of tonnes of quartz crystals (colorless, citrine or smoky), measuring up to 1 m long, as well as tens of small to mid-size cavities containing gem elbaite (green, blue, red or multi-colored crystals). What made this mine a legend was the discovery, in 1994, of a giant albite-dominant replacement body, near the northern edge of the pegmatite, containing several hundreds of small cavities, and closed spaced fractures mineralized in bicolored red-green elbaite crystals measuring up to 10 3 1 cm. Over one tonne of elbaite was produced, and it was considered the largest volumetric single find of gem-quality elbaite in the world. The empty cavity that resulted after this zone was mined out measures 15 3 10 3 10 meters.
Since then, all attempts at finding more mineralized cavities in the deeper parts of the pegmatite were unsuccessful. Two subsequent prospecting rotary-drilling campaigns failed to find more mineralized areas, and confirmed that the pegmatite has an atypical crosssection of a parallelogram measuring 30 3 40 meters.
After the mining operations were discontinued in 1997, intermittent and risky digging has been conducted by individual miners, who take the risk of digging into the safety pillars. One of these miners found the microlite crystal that is the object of this study in the vicinity of the cavity of the mined-out tourmaline zone, in the inner part of pegmatite, about 100 m south of its northern limit.
The main minerals of the Morro Redondo pegmatite are microcline, albite, quartz, muscovite, lepidolite, tourmaline, beryl, garnet, cassiterite, columbite-tantalite, amblygonite and microlite (Proctor 1984 , Castañeda et al. 2001 , Pedrosa-Soares et al. 2009 ).
MiNeral coMpoSiTioN
The green crystal fragment was embedded in epoxy resin, polished and carbon-coated to ensure conductivity. The chemical analysis was performed by means of JEOL JXA-8600 electron microprobe (WDS mode, 15 kV, 20 nA, 5 mm beam diameter and a Noran system for automation and data reduction). The analytical results are represented in Table 2 . The empirical was used for structural investigation. X-ray-diffraction measurements were made on an Enraf-Nonius Kappa-CCD diffractometer with graphite-monochromated MoKa radiation (l = 0.71073 Å). Data were collected up to a 2u value of 60.5°, with an average redundancy of 5. The data-collection geometry was strategically calculated by setting f and v scans with k offsets. The data collection was performed with an exposition time of 8 s/degree. It took 24.6 minutes to collect 91 frames with a scan width of 2°. The final unit-cell parameter is based on the 1098 collected reflections with the following index ranges: -14 ≤ h ≤ 14, -10 ≤ k ≤ 10, -9 ≤ l ≤ 9. The collecT program (Enraf-Nonius 1997 -2000 was used for the data collections, and the integration and scaling of the reflections were performed with the HKL DeNzo-Scalepack system of programs (Otwinowski & Minor 1997) . The face-indexed numerical absorption was calculated by the MulTi-ScaN method using the PLATON program. An extinction correction was applied, with a refined extinction coefficient of 0.0008(1).
The structure (Fig. 1) was solved using Patterson methods with SHELXS-97 (Sheldrick 2008) . The model was refined on F 2 by full-matrix least-squares procedures with SHELXL-97 (Sheldrick 2008) , within the WiNgX program (Farrugia 1999 ) using anisotropic thermal displacement parameters. The anisotropic thermal displacement parameters for atoms sharing the same site were constrainted to be equal. Scattering functions for neutral atoms were used for all atoms. In the final cycle of refinement, the weighting scheme used was w = [s 2 (Fo 2 ) + (0.0262P) 2 + 64.8762P] -1 where P = (Fo 2 + 2Fc 2 )/3.
The software WiNgX was used to analyze and prepare data for publication (Farrugia 1999) . In the initial model, the starting positions for the A, B, X and Y sites were taken from a refinement of the "fluorcalciopyrochlore" structure . Details about the crystal and data-collection parameters, structure determination and refinement are summarized in Tables 3 and 4 . Selected cation-anion distances from the refined atomic parameters are consistent with the data in the literature ( 
reSulTS
The charge-balanced end-member NaCaTa 2 O 6 F is not at the center of the composition field of the species, but marks the boundary between fluornatromicrolite and fluorcalciomicrolite. Fluornatromicrolite is an IMA-approved mineral (Witzke et al. 1998) , but the complete description has not yet been published. When the manuscript on fluornatromicrolite was submitted for publication, although approved by the CNMMN-IMA, the name fluornatromicrolite did not match the nomenclature of Hogarth (1977) . Today, however, the name fluornatromicrolite is perfectly in line with the new approved system of nomenclature (Atencio et al. 2010) . Its type locality is Quixabá, Paraíba, Brazil, and the formula is (Na 1.15 Ca 0.70 Bi 0.15 ) S2.00 Ta 2 O 6 F. Some data on this mineral were published by Atencio (2000) . Chemical analyses that correspond to fluornatromicrolite from other occurrences are available in the papers by Ohnenstetter & Piantone (1992) , Belkasmi et al. (2000) , Huang et al. (2002) and Baldwin et al. (2005) . There are several compositions of "fluorcalciomicrolite" available in the literature, e.g., Lumpkin et al. (1986) , Baldwin (1989) , Ohnenstetter & Piantone (1992) , Tindle & Breaks (1998 ), Huang et al. (2002 , Geisler et al. (2004) , Tindle et al. (2005) , but a complete description is missing.
The multiplicity of the A site (Na, Ca, etc.) is twice the multiplicity of the non-framework anion site (F, OH, O, H 2 O), and the most common B-site and Y-site components require 50:50 occupancy of A by two different valences. This mismatch of species "near the 50:50 mark" is very common in solid-state solutions.
Full structural refinement was carried out using as starting point the unit-cell parameters calculated from the microprobe-derived chemical analysis. The distribution of Na and Ca were assumed to be disordered at the A site, with each one occupying approximately 45% of this site. The cationic positions were assumed to be A(16d) = A (Na 0.88 Ca 0.88 Pb 0.02 ) S1.78, B(16c) = B (Ta 1.70 Nb 0.14 Si 0.12 As 0.04 ) S2.00 , X(48f) = X [(O 5.75 (OH) S0.73 . As some typical B-site cations are incorporated at the A site in some synthetic pyrochlore structures such as bismuthbased pyrochlores (Cagnon et al. 2007) , the presence of the 220-type reflections, which provide evidence of this kind of disorder, was investigated. They are absent, suggesting that the cations occupy the ideal pyrochlore positions. The B-site occupancy was also constrained by the results from chemical analysis and set to full occupancy (SB = 2 apfu). The occupancy of A and B sites was set to match the analytical data. The O and OH contents of the X (48f) position were calculated from charge-balance requirements. After the cationic contents of A and B sites were set, the Y position, located at 8b, was refined isotropically. The Y site displacement parameter was fixed as the average of the isotropic U-values of the positions A and B. The subsequent Y-position refinement was anisotropic, and the calculated occupancy was F 0.73 . The final refined model with anisotropic parameters for A, B, X and Y sites converged to R 1 = 0.0258, wR 2 = 0.0715, and is consistent with a cubic structure, Fd3m, with the unit-cell parameter a equal to 10.4396 (12) Note: A = Na Ca Pb ; B = Ta Nb Si As . 
____________________________________________________________ *need to be completely described in order to be approved as valid species. References: (1) this work, (2) Ercit et al. (1993) , (3) 
